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We analyze a model where a closed V system is excited by two uncorrelated partially coherent fields. We use
a collisionally broadened CW laser, which is a good model for an experimentally realizable partially coherent
field, and show that it is possible to generate excited state coherences even if the two fields are uncorrelated. This
transient coherence can be increased if splitting between the excited states is reduced relative to the radiation
coherence time, τd. For small excited state splitting, one can use this scheme to generate a long lived coherent
response in the system.
PACS numbers: 42.50.Ar 42.50.Ct 42.50.Lc 42.50.Md
I. INTRODUCTION
Generating coherences from incoherent sources has been
discussed extensively in literature [1–6]. It has been estab-
lished that one can generate transient coherences even from
incoherent sources [1–3, 6, 7, 18]. Various investigations of
incoherent pumping in three level atoms [2, 3] has already
been done. These reports have shown that it is indeed pos-
sible to use an incoherent field to induce transient coherent
dynamics between states. Using this transient coherence, they
have demonstrated the ability to do lasing without inversion
[3], quenching of spontaneous emission [9], all coherent phe-
nomena induced by incoherent pumps. The long time result
of interaction of matter with incoherent light has been investi-
gated and is found to be a mixed state [4]. However the prob-
lem with using white noise is its coherence properties. Firstly,
white noise is not realizable in the laboratory and is a mathe-
matical concept rather than a physical one. Second, it is very
difficult to compute the first order coherence function.
However, these approaches ([2, 3]) are not truly incoherent
in the sense that they use the same field to induce transitions
from a common ground state |g〉 to excited states |1〉 and |2〉
as well as the fact that they use white noise, a source with a
poorly defined first order coherence function g(1)(τ).
Here we demonstrate how, when the correlation the field
shares with itself and the atom at a time t0 is removed, white
noise cannot generate coherences between excited states in a
V configuration. Instead, we advocate the use of a collision-
ally broadened CW source [10]. This is given by the two time
correlation function:
〈(t′)∗(t′′)〉 = 20e−iω0(t
′−t′′)e−
|t′−t′′|
τd (1)
In this model, ω0 represents the frequency center of the ra-
diation, and 20 represents the field intensity or electric field
strength. The coherence time of this radiation is given by
τd = ~/kT where ~ is the reduced Planck constant, k is Boltz-
mann’s constant, and T is temperature [15].
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The first order coherence function for a collisionally broad-
ened CW source is much easier to compute [10] than that of
white noise. It is expressed as a function of the difference
between the two times τ ≡ t′ − t′′ .
g(1)(τ) = exp(−iω0τ − |τ |
τd
) (2)
From Eq. 2 it is evident that the source is completely co-
herent for τ = 0. This coherence eventually exponentially
decays as a function of τ scaled by a characteristic radiation
coherence time, τd. This is a much more realistic noisy source
than white light. The first order coherence function has a finite
level of coherence at τ = 0, as opposed to white noise which
does not. In fact, at τ = 0, the first order correlation function
of white noise has a singularity.
In this paper we use a collisionally broadened CW source,
each tuned to the transition between the ground and excited
states in a closed but not degenerate V configuration. These
two noisy lasers are also forced to be uncorrelated with each
other. We demonstrate that the two excited states demonstrate
a transient coherence associated with this noisy electric field.
This paper is organized as follows: Section II discusses
the excitation of a V system with two uncorrelated white
noise sources, Section III discusses the irradiation of a V
level system with two uncorrelated collisionally broadened
CW sources and the paper is concluded in Section IV.
II. V LEVEL ATOM SUBJECT TO TWOWHITE NOISE
ELECTRIC FIELDS
An example of incoherent pumping is a closed V level atom
irradiated by two white noise electric fields similar to the ap-
proach of [2, 3]. It is described by the Hamiltonian outlined in
Eq. (3). Here we make the rotating wave (RWA) and electric
dipole approximation (EDA). This describes an interaction be-
tween a three level system and two electric fields that couple
the following transitions |g〉 → |1〉 and |g〉 → |2〉. µ1 is the
dipole moment of the |g〉 → |1〉 transition and µ2 is the dipole
moment of the |g〉 → |2〉 transition. In the interaction picture,
the Hamiltonian is of the form:
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2HI =
 0 e−iω1gtE1(t) e−iω2gtE2(t)eiω1gtE∗1 (t) 0 0
eiω2gtE∗2 (t) 0 0
 (3)
Here we define: Ei(t) ≡ −µii(t). The white noise statis-
tics of the electric fields are given by:
〈∗i (t)j(t′)〉 = δijRiδ(t− t′) (4)
The laser power is represented by the parameter Ri. We
acquire a solution by formally integrating Eq. (5):
ρ˙ = − i
~
[HI(t), ρ(0)]− 1~2
∫
dt′ [HI(t), [HI(t′), ρ(t′)]]
(5)
After formal integration and ensemble averaging over the
field. This leads to the following equation of motions for the
populations of the states (in the Schroedinger picture):
ρ˙gg =
2R1µ21
~2
ρ11(t)+
2R2µ22
~2
ρ22(t)−2ρgg(t)~2 (R1µ
2
1+R2µ22)
(6)
ρ˙11 =
2µ21R1
~2
(ρgg(t)− ρ11(t)) (7)
ρ˙22 =
2µ22R2
~2
(ρgg(t)− ρ22(t)) (8)
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FIG. 1: (Color online) Plot of excited and ground state populations
of the model V system. In the long time limit, it can be seen that the
populations equilibriate to 1/3. Pump power to both levels was set
to µiRi/~ = 250 THz.
The equation of motion of the coherences between the two
excited states is given by:
ρ˙12(t) = − i~ω12ρ12(t)−
1
~2
(µ21R1ρ12(t) + µ22R2ρ12(t))
(9)
We numerically solve the above equations for an initial con-
dition of ρ(0) = |g〉〈g|. These results are presented in Fig 1.
From these calculations, it is apparent that it is not possible to
generate coherences from these two uncorrelated white noise
lasers. In fact, in the steady state all the populations equili-
brate, i.e. ρgg = ρ11 = ρ22 = 1/3. Purity of the system as
well as excited state coherence fraction, C ≡ |ρ12|/(ρ11+ρ22)
is also plotted and presented in Fig 2.
This scenario leads to the creation of a mixed state without
ever generating coherences between the excited states. This
is due to the Kronecker delta in the correlation function of the
white noise (Eq (4)). The Kronecker delta ensures that the two
fields inducing the transitions to the upper levels are not corre-
lated with each other at any time. In literature schemes [2, 3],
this condition is not enforced. As a result, the field is always
correlated with itself in time. By eliminating this self correla-
tion, one eliminates all transient coherence that might appear
because of it. Removing this correlation is important as the
g(1)(τ) of white noise encounters a singularity at τ = 0 and it
is this singularity that drives the atom to produce coherences
between the excited states.
Our approach should be contrasted to the work of ref [2, 3]
which utilizes this initial self correlation to induce coherences
between radiation uncoupled states in both the Λ and V ar-
chitectures. The scenario presented in this paper is unique be-
cause it removes this initial self correlation. By removing this
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FIG. 2: Plot of the purity Tr[ρ2] of the V system. From the plot of
the purity, it is clear that the state quickly becomes a mixed state with
the purity reaching values of 1/3 quickly. Pump power to both levels
was set to µiRi/~ = 250 THz.
3self correlation, one cannot induce excited state coherences
using white noise.
III. V LEVEL SYSTEM SUBJECT TO TWO
UNCORRELATED COLLISIONALLY BROADENED CW
LASERS
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FIG. 3: (Color online) Purity, Tr[ρ2] (top), for various excited state
spacings is plotted as a function of time. We define τc = 2piω21 as the
characteristic excited state period (bottom) excited state coherences
as a fraction of excited state population C ≡ |ρ12|/(ρ11 + ρ22) is
plotted for various excited state spacings. It is evident that as excited
state splitting decreases (i.e. τc increases) the system becomes in-
creasingly more coherent. The radiation coherence time, τd =60 fs
for all figures.
In this section we outline excitation of a closed but not de-
generate V system with two uncorrelated collisionally broad-
ened CW sources tuned to the transition frequencies of the
ground to the first two excited states.
In the previous section it was shown that the use of uncor-
related white noise fields leads to no coherence between the
excited states, but instead leads to incoherent pumping to the
excited states and eventual equilibrium. However, excitation
by two uncorrelated collisionally broadened CW sources it is
possible to generate a transient coherent response. The Hamil-
tonian of a closed non degenerate V system irradiated by two
uncorrelated collisionally broadened CW sources, in the RWA
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FIG. 4: (Color online) Purity, Tr[ρ2] (top) , is plotted for various
excited state spacings. We define τc = 2piω21 to be the characteristic
excited state period (bottom) excited state coherences as a fraction of
excited state population (C ≡ |ρ12|/(ρ11 + ρ22)) for various excited
state spacings plotted as a function of time. In the case of τc =
400 fs the excited state subspace remains unusually coherent with
C approaching ≈ 0.45 which is similar to a coherent superposition.
The radiation coherence time, τd = 120 fs for all figures.
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FIG. 5: (Color online) Populations of excited states ρ11 and ρ22 for
various level spacings, it is clear that they equilibrate to values of
1/3. The radiation coherence time, τd = 60 fs for all figures.
and EDA is as follows:
H =
 ~ωg −µ11 (t) −µ22 (t)−µ1∗1 (t) ~ω1 0
−µ2∗2 (t) 0 ~ω2
 (10)
In this model, the ground state is designated |g〉, and two ex-
cited states are |1〉, |2〉. This describes an interaction between
a V level system and two electric fields that couple the fol-
lowing transitions |g〉 → |1〉 and |g〉 → |2〉. µ1 is the dipole
moment of the |g〉 → |1〉 transition and µ2 is the dipole mo-
ment of the |g〉 → |2〉 transition. These lasers have a correla-
tion function that is given by Eq. (1) and each laser’s central
frequency is tuned to the resonance frequency of the corre-
sponding transition. The statistics of the light, however, are
given by:
〈∗i (t)j(t′)〉 = δij20e−iω0(t
′−t′′)e−
|t′−t′′|
τd (11)
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FIG. 6: (Color online) Excited state coherences ρ12 for various level
spacings. As level spacing gets smaller the amount of coherence be-
tween the states get larger as seen in ref [17]. The radiation coherence
time, τd = 60 fs for all figures.
Where δij is the Kronecker delta function. In this scenario, the
potential initial self correlation encountered in the schemes
outlined in ref [2, 3] is avoided. We use this Hamiltonian
to solve the Liouville-von Neumann equation exactly numeri-
cally:
ρ˙ =
i
~
[ρ,H] (12)
The results of our numerics are presented in Figs 3,4. Gen-
eration of the collisionally broadened CW laser is covered
elsewhere [17] and details on how to force the fields to be un-
correlated are presented in the appendix. Briefly our approach
is as follows: stochastic realizations of the noisy field {(t)}
is generated which is then subsequently used to generate a
realization of the system response {ρ(t)}. These responses
are then collected and ensemble averaged to produce 〈ρ(t)〉.
To ensure the lack of correlation between the two fields we
use different random seeds for important parameters such as
phase change and phase change time. We calculated the re-
sponse of a system to radiation with two different coherence
times, τd = 60 fs and τd = 120 fs. The dipole moments of
both |g〉 → |1〉, |2〉 were set to be equal µ1 = µ2.
Several measures were used to determine the purity and the
mixed state character of the system. The coherences as a frac-
tion of excited state population C ≡ |ρ12|/(ρ11 + ρ22) was
plotted as function of time. The purity of the system, Tr[ρ2]
was also plotted as function of time. These are presented in
Figs 3,4.
The incident field strength was set to µi0/~ = 10 THz for
all calculations unless otherwise specified. This value of the
Rabi frequency was chosen for numerical convenience. Our
main results, encapsulated in the measure C, are independent
of the Rabi frequency we choose.
5We can see that even though there is no initial self correla-
tion, it is still possible to have a transient coherent response
for various excited state splittings using collisionally broad-
ened CW laser excitation. The coherences seen in Figs 3,4
are due to the partial coherence of the field for finite times, as
demonstrated in Eq. 2.
An interesting trend develops: the larger the excited state
splitting relative to the radiation coherence time, τd, the more
rapid the decay to a mixed state. This can be observed in the
purity of the total state as a function of time, as well as the
rapid deterioration of excited state coherence fraction. How-
ever, as the excited states splitting becomes smaller relative to
the radiation coherence time, τd, the excited state coherences
become a larger fraction of excited state population, mani-
fested in the measure C. As τd is increased then naturally the
response becomes more coherent.
The purity of the total state decreases as a function of time.
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FIG. 7: (Color online) Populations of excited states ρ11 and ρ22 for
various level spacings, it is clear that they equilibrate to values of
1/3. The radiation coherence time, τd = 120 fs for all figures.
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FIG. 8: (Color online) Excited state coherences ρ12 for various level
spacings. As level spacing gets smaller the amount of coherence be-
tween the states get larger as seen in ref [17]. The radiation coherence
time, τd = 120 fs for all figures.
However, the rate of this decrease becomes smaller as τd in-
creases, i.e. the more coherent the field the smaller the deco-
herence experienced by the system. Purity also decreases at a
smaller rate for systems with small excited state splitting.
For the cases studied, regardless of the excited state split-
ting, the excited state populations equilibrate to 1/3, similar
to the case of excitation by uncorrelated white light sources,
this is demonstrated in Figs 5,7. However, the amplitude of
the excited state coherences increases as excited state splitting
becomes smaller, as seen in Figs 6,8. From previous investi-
gations of excitation by partially coherent light [17], it was
shown that as the excited state splitting becomes smaller rela-
tive to radiation coherence time τd, the coherences become a
larger fraction of the excited state population. This is due to
the coherences being inversely proportional to the level spac-
ing ωij as demonstrated in ref [17]. A more in depth discus-
sion of the issue is found there. The constraint of the uncor-
related fields forces the populations to equilibrate to a steady
value as the coherences become larger. Hence the coherence
fraction, C, for small excited state splitting is large.
The purity of the system, Tr[ρ2] is affected by the popu-
lations of the levels ρgg , ρ11, and ρ22 as well as the excited
state coherences ρ12 and the ground to excited state correla-
tions. In all the cases that were studied, the populations of
the states approach the same value. The differentiating factor
is the excited state coherences and the ground to excited state
correlations. The amplitude of the excited state coherences
also increases as the excited state period becomes larger, thus
purity decreases at a slower rate for large excite state periods
relative to the radiation coherence time, τd.
For small splittings, and thus large excited state periods, the
excited state subspace remains unusually coherent. This offers
6an interesting application to quantum optics which requires
coherence for phenomena such as EIT or lasing [14]. This
degree of excited state coherence can remain coherent for a
long time (approx. 500 fs) for certain cases.
IV. CONCLUSION
In this paper we examined excitation of a V level system
by two uncorrelated white noise and collisionally broadened
CW sources. For the case of white noise excitation, we have
demonstrated that it is not possible to generate even a transient
coherent system response.
We have also shown that a V level system excited using
two uncorrelated collisionally broadened CW sources allows
for the creation of a transient coherent response. We attribute
the transient coherence of the material system to the transient
coherence of the field [16]. As one alters the excited state
splitting, the nature of the coherent response changes. For
small excited state periods (relative to the radiation coherence
time τd) the coherences become a small fraction of the ex-
cited state population. However, for large excited state peri-
ods (relative to the radiation coherence time τd), an unusually
coherent excited state subspace persists where the coherences
of the excited remain large relative to the sum of the excited
state populations.
We must emphasize that not only is the aforementioned sce-
nario physically realizable in the laboratory but also generates
coherences between excited states using the partial coherence
of the field. Our result should be contrasted with literature
models such as [2, 3], which generate coherences from white
noise, a source with ill defined coherence properties. These
sources exploit a correlation between the field and the system
at some initial time t0 to generate coherences between the ex-
cited states.
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7Appendix A: Generation of Uncorrelated Radiation
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FIG. 9: (Color online) Correlation function of the two uncorrelated lasers incident on the system. It is clear that these two sources are virtually
uncorrelated especially at later times. There is a small initial correlation which disappears at later times.
Details on how to numerically generate Wiener noise for the collisionally broadened CW source can be found elsewhere [17].
To generate two uncorrelated fields we use different random seeds for important parameters such as phase change and phase
change time. The correlation function of the two uncorrelated fields is plotted in Fig 9.
A stochastic realization of the noisy pulse {(t)} is generated which is then subsequently used to generate a realization of
the system response {ρ(t)}. These responses are then collected and ensemble averaged to produce 〈ρ(t)〉. The physical density
matrix is represented by this ensemble average ρ(t) = 〈ρ(t)〉.
